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Abstract
Standard Model may be defined with the gauge group SU(3) ×
SU(2) × U(1)/Z6 instead of the usual SU(3) × SU(2) × U(1). It has
the same perturbation expansion as the conventional one. However,
it may describe nature in a different way at the energies compared
to the triviality bound (of about 1 Tev). In this paper we present a
possibility to observe this difference assuming that the gauge group of
the Standard Model is embedded into the gauge group of an a priory
unknown model, which describes physics at a Tev scale.
New physics is coming at a Tev scale. This becomes evident due to
the existence of the triviality bound on the validity of the Standard Model
[1, 2, 3]. Namely, the Standard Model (SM) clearly does not work at the
energies above about 1 Tev. Therefore, at this scale some other theory should
appear, which incorporates Standard Model as a low energy approximation.
Long time ago it was recognized that the spontaneous breakdown of
SU(5) symmetry in the Unified model actually leads to the gauge group
SU(3)×SU(2)×U(1)/Z6 instead of the conventional SU(3)×SU(2)×U(1)
(see, for example, [4] and references therein). The appearance of the addi-
tional Z6 symmetry in the fermion and Higgs sectors of the Standard Model
itself was recovered later within the lattice field theory [5, 6, 7, 8]. Indepen-
dently Z6 symmetry in the Higgs sector of the Standard Model was considered
in [9].
Thus we are faced the following question. What is the gauge group of the
Standard Model: SU(3)× SU(2)×U(1)/Z6 or SU(3)× SU(2)×U(1)? But
first we must understand if there is any difference between the two models
or not.
On the level of perturbation expansion the two versions of the Standard
Model are identical. In [5] the supposition was made that actually those two
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models may differ due to the nonperturbative effects. The lattice simulations
show that there is indeed some difference in the lattice realizations of the
Standard Model with the gauge groups SU(3)×SU(2)×U(1)/Z6 and SU(3)×
SU(2) × U(1) both at zero and finite temperature. However, there is no
evidence that those differences survive in the continuum theory.
In this letter we take into account that the Standard Model describes
nature only up to the energies of about a few Tev. This can have an effect on
the topology of the Standard Model. Namely, there may appear small regions
of sizes of the order of 1 Tev−1, where the conventional fields of the Standard
Model are not defined. These regions may represent point-like or string - like
objects1. As a result we must consider the topology of the Standard Model
within the space-time manyfold M with nontrivial pi2(M) and (or) pi1(M).
We shall explain here, that the mentioned objects may appear with masses
of about 10 Tev.
There are several patterns of unification of interactions, which were con-
sidered up to now. Among them we should mention at least two examples,
in which gauge group of the Standard Model is extended already at the Tev
scale. Namely, in the so - called Little Higgs models [10] SU(2) × U(1)
subgroup is embedded into a larger group, which is gauged partially. The
correspondent symmetry is broken at a few Tev. Then some of the Nambu -
Goldstone bosons become massive due to the radiative corrections and play
the role of the Higgs field of the Standard Model. The topological objects,
which appear in the Little Higgs model were considered in [11] for the case
of the so-called Littlest Higgs model.
The second example is the so-called Petite Unification (see, for example,
[12] and references therein). In the correspondent models the gauge sym-
metry of the Standard Model is extended to a larger one at the Tev scale.
The resulting models have two different coupling constants correspondent to
strong and Electroweak interactions unlike Grand Unified models, in which
there is only one coupling constant and the unification is achieved at the
GUT scale 1015 Gev.
It is not important for us, which particular model describes Tev scale
physics. The only important feature of such a model is that the gauge group
of the Standard Model is embedded into the gauge group of the unified model
and the latter is large enough. It will be clear later to what extent it should
1Actually these objects are the soliton-like states of the theory, which describes Tev
scale physics.
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be larger than SU(3)× SU(2)× U(1)/Z6.
Let us now fix the closed surface Σ in 4-dimensional space R4. For any










Bµdxµ), where C, A,
and B are correspondingly SU(3), SU(2) and U(1) gauge fields of the Stan-
dard Model. In the usual realization of the Standard Model with the gauge
group SU(3)×SU(2)×U(1) such Wilson loops should tend to unity, when the
length of C tends to zero (|C| → 0). However, in the SU(3)×SU(2)×U(1)/Z6














Bµdxµ) = eNpii, (1)





Any configuration with the singularity of the type (1) could be eliminated
via a singular gauge transformation. Therefore the appearance of such con-
figurations in the theory with the gauge group SU(3) × SU(2) × U(1)/Z6
does not influence the dynamics.
Now let us consider an open surface Σ. Let the small vicinity of its
boundary U(∂Σ) represent a point - like soliton state of the unified the-
ory. This means that the fields of the Standard Model are defined now
everywhere except U(∂Σ). Let us consider such a configuration, that for
infinitely small contours C (winding around Σ) the mentioned above Wil-
son loops are expressed as in (1). For N 6= 0 it is not possible to expand
the definition of such a configuration to U(∂Σ). However, this could be-
come possible within the unified model if the gauge group of the Standard
Model SU(3) × SU(2) × U(1)/Z6 is embedded into the simply connected
group H. This follows immediately from the fact that any closed loop in
such H can be deformed smoothly to a point and this point could be moved
to unity. Actually, for such H we have pi2(H/[SU(3)× SU(2)×U(1)/Z6]) =
pi1(SU(3) × SU(2) × U(1)/Z6). This means that in such unified model the
monopole-like soliton states are allowed. The configurations with (1) and
N 6= 0 represent fundamental monopoles of the unified model2. The other
2Actually these configurations were already considered (see, for example [4], where
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monopoles could be constructed of the fundamental monopoles as of building
blocks. In the unified model, which breaks down to the SM with the gauge
group SU(3) × SU(2) × U(1) such configurations for N 6= 0 are simply not
allowed. This gives us the way to distinguish between the two versions of the
Standard Model.
The unified model, which breaks down to the SM with the gauge group
SU(3) × SU(2) × U(1) also contains monopoles because pi2(H/[SU(3) ×




Bµdxµ = 2piK,K ∈ Z and should be distinguished from
the monopoles (for N = 1, 3, 5) of the SM with the additional Z6 symmetry
via counting their hypercharge U(1) magnetic flux. Namely, the magnetic
flux of the monopole in the conventional SM is 2pi while in the SM with
the additional Z6 symmetry there could exist monopoles with the flux pi
correspondent to N = 1, 3, 5 in (1).
We should mention here that another monopoles were shown to exist in
the Standard Model. These are the so - called Nambu monopoles (see, for
example, [13] and references therein). There are several aspects, in which
they are different from the objects considered in this paper. First, they are
not topologically stable. Therefore they may appear only in the combination
of monopole - antimonopole pair, which is connected via the so-called Z -
string. Next, they have fractional electromagnetic charge. Electromagnetic
field is expressed through A and B as follows:
Aem = 2B − 2 sin
2 θW (C3 +B). (2)
The net hypercharge magnetic flux of Nambu monopoles is zero. Therefore
the electromagnetic flux is proportional to 4pi sin2 θW . The monopoles, which
were considered above have nontrivial hypercharge flux and have electromag-
netic flux proportional to 2pi.
Another type of monopole, which was considered within the Standard
Model is the Cho-Maison monopole[14]. Monopoles of this kind were shown
to have hypercharge flux 2pi and electromagnetic flux 4pi. They have infinite
self energy assuming that the Standard Model has an infinite cutoff. All that
allow us to identify them with the monopoles of the unified model, which
they represent fundamental monopoles of the SU(5) unified model). However, in [4] it
was implied that such soliton states could appear with the masses of the order of GUT
scale (1015 Gev). In our case the appearance of such objects is expected already at the
energies compared to 1 Tev because we consider the unified model, in which H is broken
to the gauge group of the Standard Model already at this scale.
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breaks down to the SM with the gauge group SU(3)× SU(2)× U(1). They
may exist due to the finiteness of the ultraviolet cutoff of the SM.
Using an analogy with t’Hooft - Polyakov monopoles[15] we can estimate
masses of the monopoles, which have nontrivial U(1) flux, to be of the order
of Λ
α
∼ 100 Tev, where Λ ∼ 1Tev is the scale of the breakdown and α is
the fine structure constant (α(MZ) ∼
1
128
) (see, for example, [16], where
monopoles were considered for an arbitrary compact simple gauge group
in the BPS limit). This means that in order to observe the fundamental
monopoles3 with N = 1, 3, 5 in the Z6 symmetric SM and U(1) monopoles
in the conventional SM we should investigate the energies of the order of 100
Tev.
The situation becomes better for the monopoles with vanishing U(1) flux.
Let us consider monopoles (in the Z6 symmetric SM) with N mod 2 = 0 and
N mod3 6= 0, i.e. N = 2, 4. These configurations correspond to invisible
Dirac strings with nontrivial Z3 flux. Their mass can be estimated to be of
the order of Λ
αs
∼ 10 Tev, where αs is the QCD coupling constant (αs(MZ) ∼
0.13). Such monopoles do not appear in the conventional SM at all. Thus
we have two possibilities.
1. If the monopoles with N = 2, 4 are observed then there is an additional
Z3 symmetry, and SU(3) × SU(2) × U(1) is not the gauge group of the
Standard Model. In this case the gauge group is either SU(3) × SU(2) ×
U(1)/Z3, or SU(3) × SU(2) × U(1)/Z6. In order to observe Z2 part of an
additional Z6 symmetry we should go to the energies of about 100 Tev, where
N = 1, 3, 5 monopoles could appear.
2. If monopoles with N = 2, 4 are not detected then the Standard Model
most likely does not contain an additional Z3 symmetry. However, in this
case we cannot make a definite conclusion assuming that some additional
mechanism may exist within the unified theory, which forbids the appearance
of monopoles with N = 2, 4. Again, in order to make a conclusion on the Z2
part of Z6 we should go to the energies of about 100 Tev.
To conclude, we considered the Standard Model embedded into a unified
model, the symmetry of which breaks down to the gauge group of the SM at
a few Tev. During the breakdown monopoles may appear, which have masses
of the order of 10 Tev. Those objects could become the lightest topologically
stable magnetic monopoles. In principle, they could be detected in future
3It should be mentioned here that the mass of Nambu monopoles was estimated in [13]
to be about a few Tev.
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together with the other particles, which appear in Tev physics. If those
monopoles are observed then the SM necessarily contains the Z3 symmetry,
which means that SU(3) × SU(2) × U(1) is not the gauge group of the
Standard Model. In this case the gauge group is either SU(3) × SU(2) ×
U(1)/Z3 or SU(3) × SU(2) × U(1)/Z6. In order to make a conclusion on
the Z2 part of Z6 it is necessary to explore higher energies (of the order of
100 Tev). Alternatively, appearance of the mentioned monopoles in the early
Universe may have certain cosmological consequences, observation of which
could become the way to distinguish between the theories with the gauge
groups SU(3)× SU(2)× U(1) and SU(3)× SU(2)× U(1)/Z6.
This work was partly supported by RFBR grants 06-02-16309, 05-02-
16306, and 04-02-16079.
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